The ability of the case-control study to detect human carcinogens has been investigated theoretically for varying fractions of the population exposed to hazards carrying different relative risks. The method is shown to be useful for the investigation of factors to which exposure is widespread (for example, common foods or beverages) but 
Recent advances in our knowledge of cancer and its aetiology have led to suggestions that most if not all cancer may be preventable. ' International comparisons' 2 and migrant studies3 suggest that environmental factors are responsible for up to 90% of human cancer. Epidemiological studies have had an encouraging degree of success in detecting some of these factors: the carcinogenic properties of tobacco smoke, ionising radiation, asbestos, and a wide range of other factors have been clearly established.' The IARC programme on the evaluation of the carcinogenicity of chemicals has examined the available evidence on 368 chemicals and concluded that for 26 of them 'a positive association between exposure and the occurrence of cancer in man was observed '.4 At present considerable effort is directed towards the detection of additional risk factors in the hope that reducing exposure will reduce cancer incidence. ' 
M2
The bias in the recruitment of cases or controls and in the measurement of their exposure to study factors has been reviewed in detail recently by Sackett9 but for the sake of simplicity, the following discussion considers only the situation in which bias has not occurred and where potential confounding factors do not complicate the situation.
The factors which will determine the distribution of cases (and controls) between exposed and non-exposed can be defined as follows:
I-the incidence of the disease among the 282 r-the relative risk, that is, the risk of disease among the exposed relative to the nonexposed 1/f-the fraction of the population exposed N,-the number of cases of the disease a-the number of controls per case, that is,
From these definitions it is shown in the Appendix that the proportions' of exposed cases a c a + b and exposed controls c + d are: The difficulty of obtaining larger numbers of cases can be illustrated by considering the occurrence of cases of bladder cancer in a medium-sized city of, say, 500 000 people. The annual incidence of this moderately common tumour in western countries is about 20 per 100 000 for men and 6 per 100 000 for women,14 so that about 65 cases would occur each year. Some of these will be post-mortem diagnoses, others will die before interview, and some will live in outlying areas and be difficult to contact. It would require several years of continuous effort to interview even 200 cases.
The incidence of the disease The incidence of many cancers increases rapidly with age, so to investigate the effects of incidence (rather than the confounding factor age) we have assumed that all the groups have the same age structure, and can thus treat the incidence used as an appropriately weighted average. Site-specific incidences for whole populations fall within the range from less than one to 250 per 100 000 people, although the rates for certain sites among older age groups can be as high as 700 per 100 000, as, for example, lung cancer among men aged 70-74 in Liverpool.1'
The principal effect of incidence is on the availability of cases: there are about 20 times as many male cases of bladder cancer as of liver cancer. But the proportion of controls exposed to a risk The limitations of case-control studies in the detection of environmental carcinogens exposed controls. In practice, however, only when the incidence rose above 1000 (per 100 000) and the relative risk was above 6-0 would this effect become important ( Fig. 1 ). Even with a large relative risk of 20-0, incidences below 300 (per 100 000) would have no effect. It is clear that when I is small the expression for c becomes i/f which is the frequency of exposure in the whole population. The following calculations in this paper all use the same incidence of 10 per 100 000.
The relative risk and the fraction of the population exposed There are two important questions to be answered when assessing the ability of case-control studies to detect a carcinogen: what is the lowest relative risk we would wish to detect and what is the lowest which the case-control method can detect. An indication of the range of relative risks to be detected can be gained by considering those associated with proven The types of potential carcinogens to which large fractions of the population might be exposed would include air pollution, and substances in common foods and beverages. Fig. 2 shows that medium-sized relative risks (greater than 3.0) would be detected easily when between 5% and 90% of the population were exposed. The minimum number of cases required is smallest when between 40% and 50% of the population is exposed. Around the minimum value similar numbers of cases are required for a wide range of frequencies, and this range is larger for a relative risk of 3-0 than for 1-5. It is interesting to note that it is as difficult to detect an increased cancer risk when exposure is very common (> 90%) as when it is rare.
Relative risks of 2-0 or less become increasingly difficult to detect (Fig. 3) . Even with 50% of the population exposed, risks of less than 1-4 would be difficult to detect, but when only 5% are exposed Fig. 3 The minimum number of cases required to detect small relative risks (as Fig. 2) . A * 5% of the population exposed; 0---0 10% exposed; * ---U 50% exposed impossible to detect. A relative risk of 1 1 with 50% of the population exposed, which is the most favourable situation, would require a study of 6917 cases.
Exposure to some carcinogens will affect only small fractions of the populations. Examples of uncommon exposures include the use of certain prescribed drugs, unusual dietary items, or exposure to chemicals associated with specific occupations. Many human carcinogens have been detected through the study of occupationally exposed groups, but such groups constitute only a very small If 1% of the population is exposed then relative risks of 4*0 or greater will be detected easily. But if the fraction exposed is only 0-2% then only relative risks above 10.0 will be detected (Fig. 4) . At smaller fractions exposed the number of cases required increases very rapidly: thus to detect a relative risk of 20-0 would require 917 cases if 0-5% were exposed and 4569 cases with 0.01% exposed.
Discussion
The problems of sample size and the sizes of detectable relative risks in case-control studies have been considered in several papers.10-2 The present paper has considered the consequences for the detection of risk factors of the variables taking values likely to be encountered in practice.
The principal strength of the case-control method lies in the detection of risk factors to which exposure is widespread in the environment. To detect a given relative risk, the required study size reaches a minimum when between 40% and 50% of the population is exposed. Thus this method could be suitable for the investigation of hazards associated with additives or contaminants of common foods or beverages or even cosmetics. But it becomes progressively more difficult to detect relative risks when exposure is rare or very common. Outside the range of 5% to 90% of the population exposed, it is very difficult to detect the effect of moderate or small relative risks. The difficulty with rare exposures (an analogous but converse argument applies to very common ones) occurs because the proportions of exposed cases and controls will be based on small numbers and will be potentially very variable. Thus unless the relative risk is large, case-control studies will be unlikely to detect a cancer hazard. Occupational exposures fall into this category: even numerous groups such as underground mine workers constitute only 1.1% of the male population, and most occupations contain fewer persons. A further reduction in the size of the exposed group may occur because not all the individuals in an occupation may be exposed; for example, among American rubber workers20 and in the British rubber and cable-making industries,21 carcinogenic exposure was restricted to those engaged in specific sectors of the industry. In general, because of the very low proportion of exposed persons, case-control studies are unsuitable for the detection of occupational carcinogens. However, in some local areas the proportion of the population employed in a particular industry may be much higher than the national average: for example, mine workers in South Wales or pottery workers in Stoke-on-Trent. Thus the hazards in specific industries may be investigated by selecting an area for study where frequency of a particular occupation is high.
An advantage of the case-control study is that it can be used not only to test the role of a specific factor in the aetiology of a particular cancer, but also to 2400 Fig. 4 The minimum number of cases required to detect large relative risks (as Fig. 2 ) 0 ---0 0-2% of the population exposed; A A 1 0% exposed investigate the possible role of a wide variety of other factors. This is in contrast to the cohort study, where a group of individuals is investigated because its members have been exposed to the single factor of interest (although its effect on a wide variety of diseases can be observed). But care must be taken in the interpretation of analyses where a large number of associations are tested for statistical significance, because the likelihood of false-positives, of spuriously significant results, is greatly increased. For example, Cochran and Cox22 have calculated that if several independent t-tests are performed, the probability of at least one spuriously significant result is 0 23 for five tests, 0*40 for 10 tests, and 0 64 one of the major problems in the detection of environmental carcinogens: it is a disturbing thought that a cancer hazard in the tea or coffee we drink or the food we eat could be beyond the powers of detection of standard epidemiological methods.
The above limitations of the case-control study derive principally from the practical considerations which limit the number of cases which can be collected and analysed. Thus the incidence of the disease under study will be important: except for high-incidence sites, such as male lung or female breast, it will be difficult to recruit more than a few hundred cases. But once cases are collected, the method of analysis is essentially independent of the incidence of the disease, so that risk factors affecting low-as well as high-incidence sites can be studied.
Some increase in the detection sensitivity of the case-control study can be achieved by increasing the number of controls. Gail et a 13 have presented a methodology whereby the optimum number of controls in any situation can be calculated. But an increase in the number of controls increases the total study size, and there is a limit to 
Appendix
From the definitions given in the methods section, it follows that the probability of being both exposed and a case is r x I/f and that of being non-exposed and a case is 
